We examined metal (Al, V, Cr, Mn, Fe, Ni, Cu, Zn, Cd and Pb) and particulate organic carbon (OC) concentrations of the marine vertical export flux at the DYFAMED time-series station in the Northwestern Mediterranean Sea. We present here the first data set of natural and anthropogenic metals from sediment trap moorings deployed at 1000 m-depth between 2003 and 2007 at the DYFAMED site. A highly significant correlation was observed between most metal concentrations, whatever the nature and emission source of the metal. Cu, Zn and Cd exhibit different behaviors, presumably due to their very high solubility and complexation with organic ligands. The observed difference of atmospheric and marine fluxes in terms of temporal variability and elemental concentration suggests that dense water convection and primary production and not atmospheric deposition control the marine vertical export flux. This argument is strengthened by the fact that significant Saharan dust events did not result in concomitant marine vertical export fluxes nor did they generate significant changes in metal concentrations of trapped particles.
Introduction
Identifying the factors controlling the vertical export flux of particulate matter from the surface ocean to the deep sea is of paramount importance to understand the mechanisms leading to the sequestration of carbon (Jickells et al., 1998) . The question of whether the incorporation of suspended minerals drives the vertical export flux of particulate organic carbon (OC, used hereinafter for the particulate fraction only) in the ocean is still under debate (Armstrong et al., Passow, 2004) . The Mediterranean Sea is an ideal site to address this question. Strong physical forcing, intense coastalpelagic interactions, short water residence times and an equally strong influence of natural and anthropogenic continental sources on the marine biogeochemical cycles of metals make the Mediterranean Sea particularly sensitive to environmental and climatic changes (Martin and Milliman, 1997 , Krahmann and Schott, 1998 , Béthoux and Gentili, 1999 and Duarte et al., 1999 . This particular sensitivity justifies that the Mediterranean Sea is a privileged ecosystem for the investigation of marine responses to anthropogenic metal inputs and warming climate ( conditions exhibits the highest OC concentrations (Fig. 2) . 263
The described seasonal pattern of the vertical export flux may be interrupted by 264 occasional bursts, caused by meanders passing the Ligurian current, fall blooms, 265 and intense meteorological conditions. Two examples are given here: 266 The outstanding feature of the present dataset is that nearly all metals, whether of 308 crustal or anthropogenic origin, are highly correlated (Table 3 ). This suggests that all 309 metals are exported to depth at the same time, independently of their different 310 depositional seasonal pattern. However, this does not hold true for Cd, Zn and Cu, 311 which suggests that these metals are less efficiently associated with sinking 312 particles. Metal solubility can be proposed as an explanation: Despite possible 313 adsorption onto lithogenic material such as metal oxide surfaces at seawater pH (Fu 314 and Allen, 1992), Cd is among the most soluble metals studied here (Migon, 2005) . 315
This also applies to Zn (Kersten et al., 1991) . The ability of Cu to complex with 316 dissolved organic ligands (Muller, 1996) might also lead to lower contribution to the 317 pool of sinking particles. The solubility of those three metals might explain losses in 318 sediment traps. 319
An alternative explanation could be related to the processing of sediment trap 320 samples. Rinsing the particles by deionized water may have led to osmotic bursting 321 of planktonic cells, thereby releasing metals within the cytoplasm of algal cells. Zinc, 322
Cu, and Cd reside in phytoplankton cytoplasm to a significantly greater extent than 323 most of the other metals that were assessed (these other metals are typically bound 324 to cell walls and membranes; (Sunda, 2012) ). The discrepancy between these two 325 groups of metals can likely be explained by this artifact. 326 Table 1 Certified reference material (CRM) validation results, expressed in μg.g Figure 2
